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Products .Company, Detrolt Mich., a .corpora-

tion of Delaware
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21.Claims.
1

The :present invention .relates to vehicles
adapted for :both ‘highway -and .rail travel, and
more-particularly to,such vehicles comprising sets
of :main wheels -which carry the entire wvehicle
load during highway travel -and -which, -during
rail travel, ;are :guided upgn -the xails by, :and
share -the :load with, .cooperating -sets -of pilot
wheels. In certain of its :aspectsthe -present in-
ventipn -emhodies, but -provides 1mprovements
upon, -the ;inventions .described and claimed in
the :copending .application -of ;the ;present -appli-
cant, Watts,:and Louis ‘G..Garmick,.Jr.,-Serial No.
545,132, filed Julyjlh,1944..

Principal objects of the present invention .are
to provide constructions gf :theghove type, which
are -gimple in arrangement, xelatively light in
weight, -and low -in :cost; to-provide:such vehicles
in which :the pilot structure .characterized :as
aforesald, may be either peymanently ;or remov-
ably applied 40 exisking wehicle structures with
a-minimum of effort-and expense; 4o provide such
vehicles embodying -improved ineans for drans-
ferring a desired periion of whe vehicle load ito
the pilot wheels, and for immediately and direct-
ly increasing the transfenred share-when round-
ing curves -and/or when braking ithe vehicle; to
provide -such constructions ‘in -which :the -pilot
wheels, ithere :being -preferably :at least ane pair
of ;such -pilot -wheels for each of $he front .and

‘rear sets of ‘main whegls, which are :carried by ¢

a .subframe struetute ;formed dn part at least by
the axles -for dhe main wheels; to -provide such
constructions in witich the wehicle body :is .con-
nected -to the main wheels and ithe pilot wheels
by suspension means common to such main:and
pilot <wheels; and ito provide such constructions
in -which -the pilat wheels :and the -corresponding
main wheels are spaced .apart longitudinally of
the vehicle :and ‘in-which the afaoresaid subframe
stzucture cooperates iin an dmproved manner in
absorbing :all ;or any desired ;part .of overturning
caouples which -would otherwise be :applied ito the
suspensien .means wvhen the :pilot Wheels .are
loadetl.

Further objects of ithe \present -invention are
to provide .construchions :of the aforesaid type:in
which -the subframe sstructure “incorporates, .in
addition #o -the imain :axles, a pair of laterally
spaced langitudinal qnembers. secured to .such
axles adjacent the ends :of :such memhers, and
which -members support the pilot-wheels and the
axles thernefor in.anjimproved -manner, said .lon-
gitudinal members being sufficiently -stiff -or non~
bendable ito absorb .all.or anydesired.part-of the
aforesaid ewerturning couples; fo provide :such
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structures-in ;which thelongitudinal members.are
provided respectively -with main ‘axle receiving
forks, one arm.of each fork being secured to &
corresponding -main :axle and both such arms
serving as .one leg -of an improved triangular
linkage which supports :the .corresponding pilob
axle; to provide such -construction in which one
link of the.aforesaid linkage is extensible.so.as to
provide ifor raising and ;lowering .movements .of
the:corresponding -pilot axle; .and this.extensihle
link is ‘the -one which gives the greatest milot
movement for a given .change in Jlength of -the
link; to -provide such .constructions in .which .a
pair of pilot wheelsis carried by:an axle, in.turn
supported by triangular linkages -arranged :at
opposite sides-of the vehicle.and in which a com-
mon operating means is.afforded for simultane-
ously -adjusting the linkages at both sides.of ithe
vehicle; .t0 provide such-constructions emhodying
improved means for affording a Jost motion.con~
nection -between the pilot .and main .wheel struc-
tures, said lost motion .connection being prefer-
ably .embodied in ‘the .extensible links of -the
aforesaid triangular :linkages; -and to Drovide
such -constructions embodying .a shackle connec-~
tion -between the longitudinal subframe members
and at least .one of the cooperating main axles,
50 as:to permit at least limited relative longitudi-
nal movements between the main axles :during
the.operation.of :the vehicle,

Further .objects of the present invention are o
provide constructions -of ‘the aforesaid type in
which in  certain embodiments, the subframe
structure is independent.of the vehicle body, be-
ing connected thereto only through the resilient
spspension means which is -common to -the main
and pilot wheels and which in certain -other em-
bodiments.includes means whichenablas the sub-
frame structure to constitute at least -a part -of
the driving connection between the body .and
the main wheels.

“With the -above .as well as other, .and, in cer-
tain cases, more .detailed, -objects in view, -pre-
ferred illustrative embodiments .of the -inven-
tion are shown in -the accompanying .drawings,
throughout the -several views .of -which .corre-
sponding reference -charagcters are-used to desig-
nate corresponding parts, and in which:

Figure 1 is.a view in -side elevation -of a struc-
ture .embodying the invention;

Figure 2 is a top plan view «(in -part broken

awsy) of thestructure of Figure 1, with the body
structar@ of Figure 1 remoyved;

Figure 3 is .an enlarged -view of :the improved
supporting :connection between the .respective
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pairs of pilot wheels and their associated main
wheels, taken along the line 3—3 of Figure 2;

Figure 4 is a fragmentary view in front eleva-
tion taken along the line 4—4 of Figure 3;

Figure 5 is a fragmentary view, taken along the
line 5—3 of Figure 2;

Figure 6 is a view in wertical section, taken
along the line 6—86 of Figure 5;

Figure 7 is a fragmentary view in section, taken
along the line 7—T of Figure 2;

Figure 8 is a fragmentary view in vertical sec-
tion, taken along the line 8—8 of Figure T7;

Figure 9 is a sectional view of a modifiction of
the invention;

Figure 10 is a fragmentary sectional view of
a further modification of the invention;

Figure 11 is a sectional view of a further modi-
fication of the invention; and

Figure 12 is a fragmentary sectional view of
an additional modification of the invention.

It will be appreciated from a complete under-
standing of the invention, that many of its
features may be embodied in a wide variety of
vehicles intended for operation both upon high-
ways and upon rails, and that such features may
be embodied in various different forms other than
the forms specifically disclosed herein. By way
of illustration but not of limitation, the inven-
tion is herein disclosed in connection with vehi-

cles having main sets of pneumatic tired wheels :

which normally sustain the entire vehicle load
during highway travel, and which, during rail
travel, are guided upon the rails by, and share the
vehicle load with, flanged pilot wheels.

Referring first to Figures 1 through 8, the vehi-
cle is illustrated as comprising a body 20, herein
shown as being a conventional chassis, it being
understood that the term body is generically
used to include those parts of the vehicle which,
in'a vehicle having a spring suspension, are con-
ventionally referred to as the sprung parts as
distinguished from- the unsprung parts of the
vehicle. The vehicle also includes longitudinally
spaced pairs of main wheels 22 and 24, either of
which, so far as concerns the present pilot struc-
ture, may be utilized as the front wheels, wheels
22 being specifically shown as the front wheels,
and wheels 24 heing specifically shiown as the
rear wheels. Wheels 22 and 24, both or either of
which may be dirigible, are conventionally pro-
vided with main ‘axles 26 and 28, both or either
of which may be a driving axle. "Both sets, or
either set, of main wheels may be considered as
being equipped with brake mechanism.

In the broader aspects of the invention, the
suspension between fthe body and the main axles
may be either rigid or resilient. In many cases,
however, it is preferred to utilize a usual resil-
ient suspension, herein illustrated as being
afforded by usual semi-elliptic springs 38 and 32,
it being understood that the springs 30 and 32
are arranged in pairs, and may be conventionally
connected to the body 29 and to the correspond~
ing main axles. It will further be understood
that the springs 306 and 32 may and preferably
do have the softness or relatively low spring rate
which conventionally characterizes main vehicle
suspensions.

In the preferred practice of the present inven-
tion, the suspension 38-—32 is common to the
main wheels 24—26 and to the pilot wheels
49—42, In the embodiment now being described,
the connection between the pilot wheels and the
suspension 30—82 comprises a subirame and
cooperating linkages which, in substantial part,
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relieves the suspension 30—32 of the overturning
couple which would otherwise be applied thereto
when the pilot wheels are loaded, and which en-
ables braking torques applied to the main axles
to increase the loading of at least certain of the
pilet wheels. These actions are discussed below,
in connection with the description of the opera-
tion of the vehicle.

Continuing with the description of the present
struecture, the subframe comprises the two later-
ally spaced longitudinally extending frame mem-
bers 44, which are preferably metallic, and may
be of any suitable section. As shown, members
44 are of I section, Referring particularly to Fig-
ure 3, the front ends of members 44, are provided
with forklike members 48, having legs 48 and &9,
the outer ends of both whereof are bifurcated.
Each leg 48 is pivotally connected by a pin 52
to g rad 94 which is received between the bifur-
caled portions of the corresponding leg. Each
pad B2 is received between the associated spring
32 and the corresponding spring pad 58, and is
held in place by the usual spring-retaining
U-holts. As shown, therefore, pads 52 are rigid
with the corresponding main axle. )

Referring particularly to Figures 5 and 6, the
rear end of each side member 44 is connected by
a suitable bracket 60, to a pair of short shackle
links §2.  Links 62 in turn are pivotally connected
by a pin §4 to a pad 66. -As shown, each pad 63
is rigid with respect to the rear main axle, being
retained in place between the usual spring pad 68
and the associated spring 32 by means of the
U-bolts T0.

As shown, the bracket 60 is made up of spaced
pairs of side plates 61 and 63; which are welded
together, plates 63 being also welded to the corre-
sponding side member 44. The upper ends of
plates 61 receive between them a pin 65, to which
the lower ends of the previously mentioned links
62, and the hereinafter described arm 118, are
connected. ‘Similarly, the lower ends of plates 63
support a pin 69 to which the hereinafter de-
scribed lihk 112 is pivotally connected.

From the foregoing it will be appreciated that
in the present embodiment the subframe structure
is comprised primarily of the side members 44 and
the main axles 26 and 28, the connections between
these members being such, by virtue of the links
62, as to permit limited relative movements, longi-
tudinally of the vehicle, between main axles 28
and 28. "As will be understood, these longitudinal
movements are needed in order to accommodate
the flexing action of the main suspension springs
30 and 32.

The respective pairs of pilot wheels 40 and 42
dre .provided with axles 880 which may be and
preferably are identical, and a description of one
whereof will consequently suffice for both.

Referring particularly to Figures 2, 3, 4, 7, and
8,-each pilot axle 80 comprises a central section
of square or hox section, and a pair of wheel sup-
porting trunnions 82. Each central section is
made up of four platelike members 84, 86, 88, and
100, suitably secured together as by welding, in-
dicated at 102. Adjacent each end thereof, the
central body portion is provided with a block 104,
which may be and preferably is welded in place
therein, and which receives, with a press fit, the
corresponding trunnion 82.

The pilot wheels are conventionally secured in
place upon the trunnions 82, for rotation with
respect thereto and may either be rigid, as shown,
or may be arranged, in accordance with the dis-

75 closure of Nampa Patent No. 2,203,965, to incor-
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porate sound deadening cushioning -material
whieh also imparts some resilience thereto. In
the latter case the means which imparts the
resilience to the pilot wheels will be recognized
as having a substantially higher spring rate than
those of the main suspension springs 30 and 232
and the main rubber tired wheels 22 and 24,

In the present instance, the front pilet axle 80
is connected to the previously described subframe
structure by a pair of laterally spaced identical
four-bar linkages, each comprising an upper arm
110, 5 lower arm 112, a pad 54, and a fourth link
constituted by the fork 46. 'To enable the pilot
wheels to be raised and lowered, each arm {12 is
adjustable in length. Loads applied to the pilet
wheelz are transmitted through the just men-
tioned linkages which, as will be evident, engage
the pilot axle at points immediately adgacent the
respective pilot wheels.

Referring particularly to Figures 2, 3, 4, 7, and
8, each adjustable arm {!2 comprises an outer

sleevelike member 130 which slidably receives an:

jnner tubular member 132, a conventional grease
seal 134 and boot 136 being provided to pretect

the slidable connection between these members.

The outer end of the inner member 132 is provided
with a plug 148, and is laterally flattened as indi-
cated at 142 so that it may be received between
the bifurcated portions of the associated arm 5%
or bracket 88, as the case may be.
plete the pivotal connections between the portions
132 and the last mentioned members. )
The outer end of each outer member 139 is pro-
vided with a flange 158 through whiech, by means
- of a series of circumferentially arranged bolts 152
and studs 154, member (30 is secured to the asso-
ciated pilot axle. To reinforce the pilot axle in
the regions of the arms 12, the former is provided
with reinforcing plates 160 and 162, which may be
and preferably are welded in place therein. The
bolts 152 pass entirely through the pilot axle, the
reinforcing plates 160 and 162, and also serve to
secure the corresponding cap 464 in place. The
studs 154 pass through apertures in the flange 150

Pins {44 com=~ -,

10

and are threaded into the corresponding side of .. ;

the pilot axle.

Tn order to slidably adjust the portions 420 and
132 so as to correspondingly adjust the length of
the arm 112, the inner member 132 is provided
with internal threads {10 which mate with corre-
spondingly external threads on a screw 1712 which
is received within the member 132. ‘The oufer
end of screw 112 projects outwardly of the asso-
ciated pilot axle, through an aperture provided
therefor in the previously mentioned eap 164, and
terminates in a spheroidal pertion 174, having
laterally projecting pins 476, which adapt it for
engagement by a usual cranklike tool 118. :

Within the axle, member 412 is provided with
a head constituted in part by a radial enlarge-
ment 88 which is-integral therewith, and in part
by a cooperating head portion {82 which is fitted
over ‘the reduced end $84 and is held in place
thereon by a locking ring 1886.

As will be evident, the head, comprising mem-
bers 488 -and 182, is received between the rein-
forcing ‘plates 188 and 482, which are preferably
provided with wear plates 99 and ¢92. Being
narrower than the spacing between these wear
plates, the head is enakled to-have anunrestricted
or free motion therebetween.
is of particular-importance for reasons discusssd
helow.

Intermediate ity ends, each arm portion 130 is
provided with a bifurcated bracket 200. -The

This -lost .enotion.

6

lower end of each arm [0 is pivotally connected
to corresponding bracket 280 by means of a pin
202. The upper end of each arm {16 is pivotally.
connected by means of a pin 284, to the corre-
sponding pad 84 or 68, as the case may be.

It is to be noted that the pins 52, (44, 202, and
284, are of substantial length, the same being
true of the bearing openings in the correspondmg
arms and the spacing between the arms of the
correspondinig supporting portions. Thus the
connections afforded thereby are abie to maintain
the corresponding pilot axles and main axles in
alisnment with each other transversely of the
vehicle. It is preferred, however, to reinforece
the subframe structure so as to better enable
it to maintain such alignment.  This may be done
in varieus ways as, for example, by means of the
cross members 248 and 212 shewn in Frgure 2
as extending between cooperatmg pairs of upper
arms {40,

The rear pilot axle is connected to the sub—
frame members @4, by a pair of transversely
spaced identical three-bar linkages. Hach such
linkage comprises an upper arm 1 E%, a lower arm’
142 and the eorresponding one of the previously
mentioned hrackets §1, it being understood that
arms {18 and {42 may, and lpleferakﬂy do, have
the same coenstruction as the corr espondm0 front
arms. - As in the case of the front pilot wheel
n:ountmg, ins 64, 85, 59, and 282 are of substan-
tial length and are thus able to withstand sub-
stantial  forces tending to move the pilot axle
transversely of the vehicle. It is preferred to re-
inforee the linkages by means of the previously
menticned cross members 248. ;

- A feature of the present invention is a common
coperating means or connectlon for simultan eously
adiusting each one of the pair of extensible arms
at the front of the vehicle and a similar uommon
operating means at the rear of the vehicle:

Referring partcularly to Figures 7 and 8, a
sprocket 228 is associated with each -rotatable
screw 472, and, as shown, is screwed -in ‘place
bativeen the previously descrlbed head elements
180 and 48R. Suitable means, such gs one or-more
dowel pins 222, may be utilized to proneﬂy locate
the sprocket batweeq the head elements and 4o
prevent relative rotation thercbetween. A chain

224 is trained over the two sprockets associated

+ with a particilar pllot axle, and passes axmlly
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through the tubular pilot axle, Each screw {712
is prov1ded with an operating head 474, which
accommodates-the previously menticned tool £18,
and it will be realized accordingly that the tool

53 may be apphed at either side of the vehicle to

effect the corresponding raising and lowermg
movements

- A further feature of -the invention resxdes m'
the provision of releasable locking means to pre-
vent undes1red rotation of the adJustmg screws
72.  As shown, such locking meéans comprlsea
cllps -230, one -whereof is secured to the associ-
ated pilot axle adjacent at least one -of the scraw
heads {T4:therefor. Each clip2238 is. provided with
a slot 232 through which the ehead 174 may be
projected -when -the -pins 18 are .in a substan-
tially vertical position.  ‘When 50 dlcpceed -the
sides-234 of the-slot ccoparate with the pins: 418
to ‘prevent rotation of the screw. -To enable an
adjustment of the strueture the clips 238 may
readﬂy be swung:in-a- olockwlse direction as v1ewed
in Flgure 3, to a posmon in- whlch they do not
interfere -with ﬂbhe opera.tlon of the screws.

Considering now “the operatlon of the above
described stfucture, it will be apprec:tated ‘that
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during normal highway travel, the pilot wheels

40 and 42 are elevated to positions such as are
indicated in dotted lines in Figures-3 and 5, in
which positions they give -adequate road: clear-
ance. As will be understood the respective pairs
of pilot wheels may be elevated to the just men-
tioned positions by rotating the associated screws
172 in a direction such as to lengthen the lower
arms {12 of the corresponding linkages. During
such elevating movements, the weight of the pilot
wheels urges the members 22 and their associ-
ated screws 112 in a rightward direction as viewed
in Figure 7, causing the faces of the head ele-
ments {82 to bear against the corresponding inner
wear plates 192,

When so elevated, the pilot wheels and axles
are firmly and positively held by their associated
linkages, which linkages, it will be noted; are in-
herently-rigid and permit only the amount of
relative movement between a parficular pilot
wheel and its corresponding forks 46 or brackets
61, which is allowed by the lost motion connec-
tion between the associated screw 172 and its
mounting. This lost motion is of particular im-
portance in accommodating the vehicle to ir-
regularities of the roadway. For example, assum-
ing that a particular road wheel is driven up over
an obstruction such as curbing, such road wheel
is required to be elevated above its companion
road wheel. 'This elevating movement compresses
the corresponding main suspension spring 30 or
32, and also cocks the subframe to a certain ex-
tent, which cocking is permitted by the inherent
resilience of the relatively long subframe members
44, and by the play in the subframe bearings re-
sulting from normal manufacturing tolerances.
This elevating movement also subjects the assem-
bly comprising a pilot axle and its linkages to a
similar cocking force. By virtue of the relatively
short length of the links which make up the pilot
wheel linkages, it is preferred not to rely on the
just mentioned factors to accommodate such lat-
ter cocking force. Instead it is preferred to pro-
vide the aforesaid lost motion which is, of course,
proporticned to be sufficient in amount to allow
for all reasonable operating conditions, and which
enable one or the other of the links {12 of the cor-
responding pair to become elongated sufficiently
to accommodate the structure to the elevated po-
sition of such one road wheel. It will be under-
stood that this lost motion is of value in the op-
eration on the highway with the pilot wheels re-
tracted as it permits the usual warping of the
main vehicle frame without binding or undue
stress in the aforesaid retraction linkages.

With the pilot wheels elevated, therefore, the
vehicle functions as a conventional road vehicle
having all of the normalriding characteristics ex-
cept that the unsprung weight of the vehicle has
been increased by an amount equal to the weight
of the aforesaid pilot structure. A particular ad-
vantage of the present construction is that the
elements making up the pilot structure, though of
sufficient strength to produce a very sturdy rail
vehicle, are relatively light in weight, and so do
not increase the unsprung weight of the vehicle
to an undesirable degree.

Considering now the operation of the vehicle
upon the rails, it will be appreciated that after
the road wheels have been aligned upon the rails
240 in accordance with conventional practice the
adjustable arms 112-may be shortened to lower
the pilot wheels to the full line rail engaging posi-
tions shown in Pigures-1, 4, and 5. In this con-
nectlon -a particular advantage of providing the
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addjustment in the lower arm of-each-pilot wheel
linkage is that a relatively large pilot: wheel move-
ment may be accomplished with a relatively small
amount of change in-the length of each arm- 2.~

The weight of the pilot wheels maintains- the-
screw ‘heads in engagement-with’the -wear plates’
192 until such time as the pilot wheels engage the
rails. Thereafter, and until the screws 112 have
been turned sufficiently far to cause the-heads-to
travel the full:line position shown in PFigure 7,-in
which the outer wear plates 198 are engaged, the
pilot wheels are loaded.only to the extent of their
own weight, the entire vehicle load being borne by
the road wheels. As the adjusting movement is
continued past such position, a progressively in-
creasing proportion of the vehicle load is trans-
ferred from the road wheels so the pilot wheels,
links | {2 being loaded in tension and links {10 be-
ing loaded in compression. - This transfer, of
course, progressively reduces.the deflection of-the
road wheel tires. By virtue of the well-known
relatively high spring rate of pneumatic tires, it
will be appreciated that a substantial fraction of
the vehicle load can be transferred without re-
quiring-more than -a-very-small- change in-tire
deflection of the order, for -example,-of consider-
ably less than one inch between full-load and no-
load conditions. It will be appreciated that the
higher the center of gravity of the vehicle, using
this invention, the longer is the effective lever
arm causing direct load transfer to the outside
pilots during a turn. Also it will be understood
that, in general, the center of gravity of the ve-
hicle rises as it is loaded. Having in mind the
many different types, designs, and heights to the
centers of gravity of various vehicles, it will he
understood that, for any given vehicle under par-
ticular operating conditions, there will be a de-
sired minimum load to be maintained on the
pilots, and this, by way of example only, may vary
from around a quarter to more than half the ve-
hicle load. Thus, in general, changes in tire de-
flections, due to pilot loadings, may be less than
orie-half inch. A practical measure of the amount
of transferred load is, of course, provided by the
increasing resistance to turning of the-screws-172,
and it is preferred to so proportion the cranklike
tool 178 as to enable a workman, by exerting 80
or 100 pounds effort against the tool, to transfer
a ‘desired amount of Vehlcle load to the pilot
wheels.

As will be recognized, the particular percentage
of the vehicle load which it is desirable to trans-
fer to the pilot wheels may be widely variable to
suit different operating conditions. As the pilot
wheel load is increased, the likelihood of derail-
ment, tire wear, and the rolling resistance of-the
vehicle are reduced.

Independently of the degree to which the pllot
wheels arc loaded, it will be appreciated that the
present construction is one wherein cooperating
pairs of main road wheels and pilot wheels are
connected to the vehicle through a suspension,
in this case the main springs 280 and 32, which
are common thereto. During operstion of the
vehicle upon the rails, therefore, the degree fo
which the pilot wheels are loaded is wholly inde-
pendent of the degree to which such main springs
may be deflected by vertically applied loads.

As will be recognized, with the construction
now being described, the ratio in accordance
with which the load is divided between a particu-
lar pair of pilot wheels and its corresponding
pair of main wheels, for particular advanced
positions of .the corresponding. screws 112, Is
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determined by the relation between the relative
resiliencies of three separate factors of the pres-
ent, suspension. which: are, (a).. the . resilience of
the. tires associated with.the road wheels, (5).the
resilience of. the pilot.wheel mounting, including
_the.subirame,. the .associated linkages, and any
resilience .which. is. incorporated. in :the pilot
wheels and.(¢). the resilience of the main suspen-
sion 80 or 32 with respect. to overturning .couples
applied thereto. ‘This sgituation.can best be
understood by a consideration of the forces acting
on the system. ;

. Considering first, the front p1lou wheels 1t w111
be appreciated that as the. associated serews 112
are.advanced,,in loading these pilot wheels, the
associated links {i2 and arms. 50 .are placed. in
tension. . Links 110 on the,other hand are placed
in compression. Components.of the latter forces
stress pads 54 in compression and also stress arms
48. in. compression..
subjected. to. clockwise.forces,. as. viewed. in Pig-
ure 3, which forces are resisted by.the relatively
long and inherently somewhat springy side mem-
bers 44. Thus,.even though.arms {i2.and 10,

forks 46 and.pilot wheels 48 be regarded as rigid,

the pilot wheel. mounting a$ a whole may be
regarded .as being resilient. It.should be particu-
lariy.noted that the resiliency of this pilot mount-
ing is materially different from.the resiliency of

usual vehicle springs, in that the spring rate of. 2

this mounting is of the order of magnitude of the
spring rates.of the rubber tires in.their loaded
condition. .. For example, a loaded tire deflection
of one-half inch'may correspond to a main spring
deflection of four to five inches.

_Vertical components..of the . forces applled
through links {18 tend to rock pads 54 about pins
52 as_ centlers. thereby applymg a non- normal
stressing (in this case, an ogee deflection) to the
main. springs..  As is well known such springs

- gre much stiffer in resisting ogee deﬂectlons than
in - resisting’ normal or vertical loadlngs It
should particularly be noted that pads 54 are rela-
tively short in length, and that as the length of
pads 54 are shortensd, or niore closely approach
zero, the overturning couple dapplied to springs
2315 reduced.:

Thus, a$§ the screws I’l’2 are turned relatlve
vertical movement betweed the pilot wheels and
the main axle i§ resisted by the resistance to
overtirning couplés of the main springs 30 and
ky the resistailce to flexure of the pilot wheel
mounting.

. 'As the serews: 12" are turned shortemng the
lm kg 442, the pilot wheels tends to move down-
wardly with respect to the mam axle 7% or as
stated other wise, tend to cause the main, axle 26
‘to' rise, thereby decreasmg the deﬁectmn of the
méin wheel tires and’ consequently re11ev1ng the
1628 on the main wheels, Theé forces tendmnr to
caltse the Just mentloned downward movement
of tbe p1Tot Wheels relat1ve to the mam axle a1e
'Lnd the mam sprmgs 39; To the extent that the
latter two factors y1eld contmued turmng of the
serews prodiices only flexure of the pilot’ wheel
.r'*ountmf“ and overturrung of thé main sprmgs

8°arid do not produce the relative vertical movye-
znent of the: pilot wheels relative to the main
exle. It will thus be appreciated that the exact
proportion’ of the.vehicle load, which is trans-
ferred to the.pilot wheels for a given position of
the serews 112, dépends upon the relation between
the spring rates of'the main tires on the one hand
.and the pilot wheel mounting and main springs

. Forks. 4§ are..consequently ¢
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hand Although pneumatlc tlres have relatwely
high -spring rates,.it will - be recogmzed that it
may . be.egpected. tha.t fhe- latter two factors have
a.combined spring.rate. wh1ch is at least as great
as; that of the tires.. .Preferaply‘the‘system is. 50
adjusted, that.the, spring rate of the latter two
factors is considerably in excess of the spring, ra,te
of the.lires, it, being borne in mind that the main
springs, 32, though relatively soft with respect .o

- vertical forces, are very stiff with respect to over-

turring, forees. i
\The, analysis with 1espect to the loadmg of the

’reaz pilot wheels is much.the same as that dis-

cussed.above, ;. Nawmely, the advancing, movement
of thea ssocmted serews stress links £42 in tension
and;stress.links.[{6;in compression, thereby.sub-
jecting brackets. G0 to counterclockwise . forces,
which are. resisted by the. relatively long, side
frame members &#4. The.yvertical, force, on- the
main axle resulting from the tendency of the pilot
wheels to. move downwardly: with respect to. the
main axle, is transmitted through the links 62.
These. forces,. acting through. lever arms. deter-
mined. by .the. substantially horizontal distance
from .the main axle 28 to.the.pivots 64, subjects
the. main springs.32.fo .an overturning. couple.
The load.is divided:accordingly between the rear
pilot. wheels.and the rearroad wheels on the same
basis that such load is divided between the front
pilot and.road wheels. . .

.Considering now. the.. operatlon of automat1-
cally and.immediately. increasing, the load on at
least: the outside. pilot wheels in rounding a curve,
it. will be .understood.that.as;the vehicle enters. a
curve, the body.structure .is immediately. sub-
jected to .a centrifugal. force. which produces an
increase in,the.loading.of.the.outside main sus-
pension. springs..and correspondingly decreases
the loading on the inside main suspension springs.
This increase in.loading of-the .outside suspen-

_sion tends to increase.the deflection.of the. tires

of the oufside road.wheels... -Assuming that the

‘mounting. between a particular .pilot. wheel and

its. corresponding..road.- wheel .is rigid,. as dis-

- tinguisheq from. resilient, .it..will. be.appreciated
- that such. pilot. wheel positively.resists the down-

ward. movement .of the corresponding . end..of
the.associated main axle; which would.be.needed
to increase such tire deflection... The increase.in
loading on the outside of .the. vehicle, .therefore,
instead of being transferred to.the outside road

. wheels would be immediately and entirely trans-

ferred to.the outside-pilot. wheels: - This increase

“in load serves to positively.prevent.the centrifugal

forces acting .on. the. .vehicle .from causing. the
outside pilot wheels to.ride.up-the rail edges-on
their flanges and become derailed. .. This increase
in loading also. is.entirely proportional.to. the
magnitude. of the centrifugal force acting.-on the
vehicle, Stated another way, the greater the
centrifugal force or the. sharper the curve, the
greater is the.load transfer.

As discussed above, the main suspensmn sprmgs
are .resilient.in respect to overturmng couples,
and the subframe members 44 may: be expected
to be -at least somewhat resilient. In -addi-
t1on in many cases, as previously mentioned,
some res111ency may be introduced into the pilot
wheels themselves and/or into the llnkages In
a practical’ sense ‘therefore, the pllot wheels may
be’ regarded as connected to the main suspension
throudh means having some reslhency and the

- main road wheels- are,’ of course, connected to
the main suspension through the resilient tires.
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In the presence of a change in the vehicle load-
ing, therefore, the exact degree to which such
change is divided between a particular pilot wheel
and its corresponding road wheel is determined
by the ratio between the same factors as are
discussed above in connection with the descrip-
tion of the operation of initially loading the pilot
wheels.
It will be understood that as the vehicle enters
a curve, and its load center shifts to the out-
side, the load on the inside main and pilot wheels
is decreased. The lost motion, previously de-
scribed, enables the inside tire deflection to de-
crease without decreasing the inside pilot wheel
load to a value less than is represented by its
own weight. This is for the reason that as the
inside end of the main axle rises, the head of
the corresponding screw 1712 can, if necessary,
move away from the outside wear plate towards
the inside wear plate.
.. i'Under such. conditions,.the load on the inside
. pilot wheels is usually maintained at a value
somewhat above :its .own weight. This is for
the reason that although no load be applied to
thei.inside pilot. through the inside triangular
linkage, a fraction of the load applied through
the .outside linkage is transmitted through the
pilot: axle to the inside pilot wheel in the ratio
of the distance from the: outside pilot wheel to
sdits adjacent loading ‘point and the spacing be-
tween the two pilot wheels. ‘This fraction is thus
g relatively minor ‘one, because the triangular
dinkages engage the pilot axles at points imme-
diately ‘adjacent the ends thereof; thus the ma-
jor-part:ofithe load transfer to the pilot wheels is
~faken -by the. outside. pilot wheels. This is an
cimportant advantage. resulting from application
of- pilot-loads.: at ‘points near the. pilot wheels,
or near the..ends of the pilot axles where, as
.-here; . pilot axles are employed. In this con-
nection, it is to bé borne in mind that it is equal-
Ay:important. that the.pilot loads be transferred
from the main suspension. or from the road
.wheels at  points close to the road wheels.
:Another ‘important advantage of this loading
“arrangement. is that it is possible to use rel-
atively light pilot. axles, as distinguished from
the relatively rugged pilot .axles which are re-
.quired in constructions in which pilot axle loads
;are applied:at the. centers thereof..
:.Continuing with the operation,.it will be noted
-that\ the shackle connection :between one main-
axle; in this case the rear.axle, and the pilot
subframe; readily .accommodates. the.  relative
;movements of..the main axles longitudinally of
the vehicle which normally accompany spring-
ding movements of the main suspension springs.
_The._ “bredathing” thus afforded by the subframe
does: not: interfere, however, with its important
_function of balancing out, at least in a large part,
. the -overturning couples which would otherwise
.. be transmitted to the main suspension by virtue
of the loading of the pilot wheel.
~A-further and very important advantage of
the ahove described construction is that braking
Jloads applied to the main road wheels increase
the loading- of those: pilot wheels which are in
-advance of the braked road wheels. Thus, if the
brakes are applied when the vehicle is moving
ahead, the load on the front pilot wheels is in-
creased. If the vehicle is braked while operating
in-a reverse direction, the load on' the rear pilot
swheels is- increased, such pilot wheels being in
-a leading . position under the .conditions stated.
The advantages of this feature.will be apparent
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upon recognition of the fact that vehicle opera-
tors, entering a turn at an excessive speed, may
be expected to apply the vehicle brakes. Such
action increases the leading pilot wheel load by
an amount proportional to the degree of brak-
ing effort, which increase is in addition to the
automatic increase which results from rounding
the curve, and which is described above.

More particularly, and referring to Figure 3,
it will be appreciated that a braking load applied
to the front wheels 22 during forward vehicle
travel, applies a counterclockwise torque to the
corresponding axle 26. This torque serves to place
links 118 in compression and to place links 112
in tension, and is . resisted by the resistance to
overturning of the main springs 30. To the ex-
tent .that such springs 30 yield, therefore, pilot
wheels 40 move downward with respect to the
main axle 26. This downward movement reduces
the tire deflection and increases the pilot wheel
loading by an amount equal to the change in load
represented by such change in deflection. It will
be noted that the change in pilot wheel loading,
due -solely to braking effeets; is shared equally by
the inside and outside pllot wheels.

The analysis with respect. to the increase in

'loading of the rear pilot wheels during reverse

operation of the vehicle is obviously the same. It
will be noted that in the illustrated embodiment
the load is relieved, by braking effects, from pilot
wheels which are trailing with respect to the cor-
responding road wheels, which factor is, however,
unimportant since, under the conditions stated,
the primary guiding effect is obtained. from the
leading pilot wheels. .

It will be recalled from previous dlscussxon that
the degree to which the main springs 30—32 are
required to absorb overturning couples depends
upon the horizontal spacings between the re-
spective axles 26 and 28, and their. associated
pivots 52 and 64. Similar comments apply to the
increase in pilot loading which results from brak-
ing operations. 'Thus, these horizontal spacings
are determined by the requirements of the par-
ticular vehicle in respect to the just mentioned
axle-overturning and braking factors.

The construction shown in Figure.9 dlstm—
guishes from that shown in Figures 1 through 8
primarily in that additional. links 250 and 252
have been. added, which, w1thout complicating
the mountlng of the pilot structure, serve to ma-
terially reduce the .effect of overturning couples
on the main suspension springs 38 and 32. Cor-
respondingly, this . construction reduces the
change in pilot loading which results from brak-
ing operations. , i

The links 2560, one whereof is provided at each
side of the front end of the structure, are piv-
otally connected to the previcusly mentioned pins
{44 and 204 at the corresponding side of the ve-

hicle, and may very readily be added as an inci-

dent to the assembly of the previously described
structure. As will be obvious, links 250 serve to
brovide each corresponding pilot wheel with a
rigid triangular connection (links 250—1 10—112)
to the associated subframe. Assuming that the
associated subframe structure is rigid, it will be
appreciated that loads applied to the front pilot
wheels subject pads 54, and consequently springs
30, to only substantially vertical loads. Recog-
nizing that the subframe members 44 have some
resilience in the construction shown, such- pilot
wheel loading-is- enabled to flex the subframe
members 44 to some extent. - To such extent, the
pilot wheel loading.applies-an overturning couple



2,478,647

to the main:axle 26. . In:the’ ifistarice beifig-de-
seribed’ accordingly theresilient subframe acts in
parallel’ with the main springs: 30 in’ resisting
overturning: couples,;: the same as in: Figures 1
through 8. It will' of course be recognized that
stich- overturning: couple may be: eliminated by
providing s-pivotal connection between-the sub-
frame and the agle structure, the pivotal center
being the axis of the’axle structure:.

The- links- 252- are bivotally connected- by pins
251 and 258 to-the respective pads 66;-and-bear-
iilg- bosses- 255° which- are- secured- to- the corre-
sponding subframe members- 44.- Each: pair of
links- 252—62, thus- acts as g- parallel- link sys-
tem, and except-as modified by flexure of-the sub-
frame members 44, due to-leading: the-rear pilot
wheels; such- loadmgs are’ applied to’ the rear
suspension springs- 32 only as substantially ver-
tieal- forces: The analysis given for the front
end: of the-vehicle thus applies to the rear end.

Tt will be appremated that in a-generic_sense
the screw: driven operating mechamsms for the
trlangular linkages, descnbed above are illus-
trative of various dlfferent mechamsms whlch can
be ut111zed A modified operating. mechamsm is
llustrated in Figure 10,-in which the upper arm
fto of each’ trlangular linkage is pivoted to the
pad 54" -as prev1ously described, and is rlgldly con-
nected at 260 to the cerrésponding pilot- axle 80.
The corresponding subframe member 44 serves as
a-mounting for a-fluid pressure “operated ram 262,
the piston rod_ 264 whereof is pivotally connected
to a lever 266 which is keyed to a countershaft
2$8 which -extends across the corresponding end

of the vehlcle and is Journaled m the bearmg P

Also’ keyed to colintershaft 268 are ‘g pair of
16vers 210 one foi each pilot wheel, which levers
dre in turf pivetally connected to levers™ 272.
Levers 272 are pivotally connected to the pilot
axle 80° 1mmed1ately adjacerit’ the ends thereof
réspectively.

With™ this® ariangemeént it will'be” appremated
that a'leftward niovement of the” plston rod’ 264
rocks levers 279 counterclockwxse enabhng them,
through levers-212, to bring the’ pilot’ Wheels to
the rall enga,gmg p051t10n A reverse’ move-
mierit, of’ course; elevates the pilot: wheels® alid" it
will 'be ‘understood that the pilot wheels™ may be
loaded to a* degree determingd by’ the pressures
in’ the" ram 262 It will be apprecmted that
simiilar ram opérated mechanisms may be uti-
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hied at’ both ends of the’ vehlcle a ﬂoetmg can— -

nection being prov1ded at oné'end in the manner
descrlbed above.
the suspensions- shown in’ ‘PFigures® 1’ through 9,
any’ desxred vehicle™ drive connection: betwéen
the’engine” (notshown) and: the driving wheels
may be utilized, it ‘being preferred to utlhze the
fathiliar Hotchkiss" drive. - It i§° Wlth the pﬂr-
view’ of the present 1nventxon to® a.pp]y the - p1e—
viously’ described pilot structure to vehicles‘em-
ploylng other types of’ suspensions and’ adapted
to utilize other drives. For' example; the striic-
ture’ shown in-Figure 11 is charactéristic’ of sus-
pensrons in which - the resitient elemeénts’ of the
suspension’ are-not-capable of withstanding sub-
stafitial: overturning: couvples;. or of transmitting
drivitig: forces from the wheels'-to’ the body.
Specifieally;: the- construction of' Figure*11- is of
thés familiar type utilized onFord -and other: ve-
hicles, anéd- employs- trahsverse- front and: rear
springs 300 and 362. In this-case;the suspension
is-completed by’ usual -front radius-rods-304, and
by a usual tofque tube-308: . The conmeetion-be-

It will’ be recogmzed that ‘with -

60

65

.of* spaced- plates’ 332.
9 link 330 hangs'idly/ in:the position: shown:

14
tween the front and: rear axle stricturés 26 and
28’ is the same- as’ b&fore;: with’ the' excaptioh
that in this' cdse the front: pads- ‘52 are- securéd
to the front axle 26” by blocks: 308; and: the réar
end’ of the: pilot: striicture: is se¢lired’ to’ the' reédr
axle structure: 28’ by meaiis of a connectmg,
member 310 which'stirrounds the reay axle hotis
ing:- In-the broader aspects” of the invention,
membei's-808 arid 310 niay be either rigid witl’or
pivotally secured: tothe corresponding: axle stries
tures:- I the: former instande:: as’ w111 bé uhth
derstood;- pilot-wheel loadings apply soihe’ fdrdes
to- the  maih- suspension,- and in’ the l4ttei” if-
stance, the pilot: striicture entlrely relieves® the

‘main - suspension: of - overturning couples

It- will-also be recogrized: that with- the: struc-
ture now being: described;  the' subfranie’ mem*-
bers: 44 reinforce’ the cooperatmg stispensioh
members-304 and- 306 and’ thus, in-a sense rﬁay
be-regarded as composing’ g/ part of the main-ve=
hicle suspension. This' fact miskes it possmle
in the broader- aspects of' thé’ inventioir- tb TE-
place the above mentioned: torque tube 30& W1th
other types of drlve, for example the dou e
Hotchk1ss drives.

Figure' 12- illustrates™ tHe jiist: mentldxiéd de-
parture from-Figure- 11 In: Figure 19 the der'—
ing-connection between the reak, and i tHis caiss,
the: driving: wheels}- is* afforded by’ radivs’ rods
320, which ate pivotally cohniécted: by’ meins: of
pins 322 to frame brackets: 324; arid- dre- also piv-
otally connected, by pins®326; -t the’ correspond-
irig: subframe’ members 44. Prefera'biy onét of
the rods 320 is-provided- gt gdeH: side of tHe ve-
hicle. With this’ construction,: tHe’ enging coi-
nection ‘to the rear’axié is required only o tre
mit driving:torque thereto, gnd i§-nof ré
transmit-driving: force to- th’e’ “body; Her
Fig! 11; rising: and falling: -of' the ' bddy" rélativé
the subframe-will datise sotiie twistifig 'of the i
springs; which' i§" readlly accommbdated by‘ the
conventiongl-transverss ‘springs shown; o by the
use-of rubber; as‘is well ‘uniderstodd:

It will be appreciated that-in’ thé' brozder gs-
pects-of the présent-inventioti; any of a- variety
of expedients may be utilized to lock the diti
vehicle- wheels® in’ straight” £head position’ gur-

‘ing rail'travel; a'simple and- readlly applied‘1oek-

ingstructure: being’ illustrated in‘ Figiite 1. Re-
ferririg-to Figure 1;-0né& or thé othér of the' pré-
viously described: forks 46 is® provided with: a
swingably mounted arm’380‘which cairies s pair
Under normal conditions
To
coridition’the vehicle!for rail travel; tHe link' 330
may’ be swung’ counterclockwise to’a positioti in
which’ the’ plates 332 embrace the usual steéring

tie rod: 334" and prevent’ aily’ movemernt: thérest

fore- and- aft of: the vehicle. Such- action,. of
course;- 1ocks® the front- wheels® in’ substantially
straight«ahead: position:-

Although only a limited  number of embodi-

-ments: of the” present” invention: have been : de-

stribed  in- detail-herein, it will be appreciated
that varlous further m0d1ﬁcation'é 1n the forrn

made w1thout departing:from the spirit and ‘stope

70 tof the invention.-

{1

What-is claimed is:

1:-Th a combined road and rail -vehicle having
a- resilient suspension- supporting- road- wheels
with- pneumatic- tires- to- also- operate on- rails,
means including at least one-pair of-pilot-wheels
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‘adsociated with -said road wheels to operate in
tandem therewith to guide the vehicle during
rail travel, means materially stiffer than 'said
suspension connecting said pilot wheels to said
road wheels including adjustable means, adjust-
ment whereof causes said pilot wheels to move
between retracted and rail engaging positions,
sald adjustable means including lost motion
means affording a substantial but limited and
substantially free one-way connection which-en-
ables limited relative vertical movement between
said pilot wheels and their corresponding road
wheels whereby when the pilot wheels are in rail
engaging position and at the end of lost motion
travel there is a direct transfer of vehicle load
through said suspension to said pilot wheéls upon
increase in vehicle load on wheels on one.side of
the vehicle, as when rounding a turn, said lost
motion being sufficient in extent to insure that
reductions in tire deflection on the other side of
the vehicle, when rounding a turn, will not raxse
the pilot wheel on such other side.

2. The vehicle of claim 1, including an axle
for said pilot wheels, and wherein said adjustable
means act against the axle at spaced’ pomts ad-
jacent the ends of the pilot axle.

3. For use in adapting a road vehicle, having
a resilient suspension supported on road wheels
with pneumatic tires for rail or road travel, a
pilot structure including at least one pair of pilot
wheels for guiding the road wheels during rail
travel, sub-frame means connecting -said pilot
wheels to said road wheels including adjustable
means, adjustment whereof causes said pilot
wheels to move between retracted and rail en-
gaging positions, said adjustable means includ-
ing means affording a limited but. substantial
and substantially free one-way connection which
enables limited relative vertical movement be-
tween said pilot wheels in rail engaging position
and their corresponding road wheels to prevent
decreased pneumatic tire deflection raising  a
lowered pilot wheel, said sub-frame being so stiff
that its spring rate is at least as great as that of
said pneumadtic tires.

4. In a combined road and rail vehicle, a body
structure, means agdapting the vehicle for road
travel including at least two longitudinally spaced
pairs of laterally spaced resilient road wheels and

axle means therefor, means forming a suspension -«

between said just-mentioned means and said
body, pilot structure for guiding the vehicle dur-
ing rail travel and including at least one pair of
pilot wheels and an axle means therefor, said
pilot wheels being adapted to run upon the rails
in tandem with, and to share a predetermined
portion of the load with, said road wheels,
mounting means  for said pilot wheels, said
mounting means including elongated side frame
members extending between, and supported by,
the axle means for at least two pairs of said road
wheels and means operatively connected to the
pilot axle means at spaced points adjacent its
ends for transferring load through said mount-
ing means to said pilot wheels so that during
normal rail travel said road and pilot wheels
divide the vehicle load from said suspension and
so that changes in the load on the road wheels
at one side of the vehicle correspondingly change
the loading on the said pilot wheel at the same
side of the vehicle, said mounting means includ-
ing means to move said pilot wheels to inopera-
tive road travel position, in ralsed rela,t1on to sald
side frame members. . . . :
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5.-In a combined road and rail vehicle, a body
structure, means adapting the vehicle for road
travel including at ‘least two longitudinally
spaced pairs of laterally spaced resilient road
wheels and axle means therefor, means forming
a resilient suspension between said just-men-
tioned means and said body, pilot structure for
guiding the vehicle during rail travel and includ-
ing at least one pair of pilot wheels and an axle
means therefor, said pilot wheels being adapted
to run upon the rails in tandem with, and to
share a predetermined portion of the load with,
said road wheels, mounting means for said pilot
wheels; said mounting means including elongated
side frame members extending between, sup-
ported by and so connected to the axle means for
at least two pairs of said road wheels that said
side frame members with said road axle means
form a relatively stiff rectangular subframe re-
sisting relative tilting of said axle means or rela-
tive tilting of said side frame members and which

‘are operatively connected toe the pilot axle means

at spaced points adjacent its ends for transferring
load from said resilient suspension diréctly
through said mounting means to said pilot wheels
so, that during normal rail travel said road and
pilot wheels- divide the vehicle load from said sus-

‘pension, said mounting means being ‘so stiff that

its total spring rate is at least as great as that of
said pneumatic tires, whereby increases in tire
deflection, of a road wheel at one side of the
vehicle, due to increased load on such side, as in
rounding a turn, necessarily result in at least

“one-half of said inereased load being transmitted

directly to a pilot wheel on such one side of the
vehicle, and said mounting means including
means to move said pilot wheels to inoperative
road travel position in raised relation to said 51de
frame members.

6. In a combme_d road and rail vehicle, a body
structure, means adapting the vehicle for road
travel including at least two pairs of laterally
spaced high rate resilient road wheels and axle
means therefor, means forming a relatively low
rate and long travel resilient suspension between
said first-mentioned means and said body, pilot
structure for guiding the vehicle during rail travel

‘and including at least two longitudinally spaced

pairs of pilot wheels and axle means therefor
corresponding to and positioned adjacent to said
two pairs of road wheels, said pilot wheels being
adapted to run upon the rails in tandem with,
and  to share a predetermined portion of the
vehicle load with, said road wheels, mounting
means for said pilot wheels, said mounting means
including elongated side frame members extend-
ing between and supported by at least two of the
road .axle means and means operatively con-
nected to the two pilot axle means at spaced
points adjacent their ends for transferring in
normal operation a predetermined vehicle load
from said comrinon resilient suspension through
said mounting means to sald pilot wheels; said
elongated members being relatively stiff in flexure
to resist upward motion of said pilot wheels rela~
tive to said road axle means and for similarly
transferring extra load to the outside pilot wheels
during a turn on the rails, and said mounting
means also including means. to move said pilot
axle means and pilot wheels to an inoperative
position for road travel in raised relstion to said
side frame members.

7..In a combined road and rail vehicle, a ‘body
structure, means adapting the vehicle for road
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travel including at least t\kfo pairs of laterally

spaced high rate resﬂlent road. wheels and axle -

means therefor means formmg a relatlvely low

rate and long travel resilient suspension between’

said first-mentioned means.and said Jbody, pilot

structure for guiding the vehicle during rail travel .
and including at least two longitudinally spaced
pairs. of pilot, wheels and axle means therefor cor- .

responding to and positioned adJacent to said tWo .

pairs” of road wheels, said pilot wheels being

adapted to run upon the rails in tandem, with,
and to share a predetermined poftion of the.
vehicle load Wwith, said road wheels, mounting

means for said pilot wheels, said mounting means
including elongated side frame members extend-

ing between and supported by -and. connected to~

at least two of the road axlé means to form there-
with a relatively rigid subframe moving with said
road axle means and means operatively con-
nected to the two pilot axle means at spaced
points adjacent their ends for ftransferring in
normal operation a predetermined vehicle load
from said common resilient suspension through
said mounting means to said pilot wheels, said
elongated members being relatively stiff in flexure
to resist upward motion of said pilot wheels rela-
tive to said road axle means and for similarly
transferring extra load to the outside pilot wheels
during a turn on the rails, and said mounting
means also including means to move said pilot
axle means and pilot wheels to an inoperative
position for road travel in raised relation to said
side frame members.

8. In a combined road and rail vehicle having

a body, means including pairs of resilient road :

wheels for carrying the vehicle load during road
travel, means including resilient suspension
means for connecting said road wheels to the
body, pilot structure for guiding the vehicle dur-
_ ing rail travel, and comprising at least one pair
of pilot wheels, and an axle therefor, for each
pair of road wheels, loading means connected to
the suspension means including means acting at
spaced points adjacent the ends of said pilot axle
for applying a portion of the vehicle load through
said suspension means to said pilot wheels, said
loading means being arranged so that said load-
ing of the pilot wheels applies a reactive force to
said suspension means in a non-normal direction
which differs from the direction in which the
body acts on said suspension means.

9. The structure of claim 8 wherein said load-
ing means includes resilient means.

10. The structure of claim 8 wherein said load-~
ing means includes resilient means, and wherein
the connection between the loading means and
the suspension means is such that the said re-
silient loading means acts in parallel with said
suspension means in absorbing such reactive
force.

11. The structure of claim 8 wherein said load-
ing means includes resilient means, and wherein
the connection between the loading means and
the suspension means is pivotal.

12. The structure of claim 8 wherein at least
certain of said road wheels are provided with
braking means which load said suspension means
in said non~normal direction, whereby such brak-
ing forces are enabled to vary the loading of the
pilot wheels.

13. Structure of claim 8 wherein said suspen-
sion means include semi-elliptic springs and said
non-normal loading is an ogee loading thereof.

14. Pilot structure for converting a road vehicle
for rail travel, said vehicle having a body, means
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including pairs. of -road wheels for carrying the
body-during. rail travel,.and means including re-
silient suspension means for.connecting the road
wheels to the body, said pilot structure compris- -
ing at least one pair of pilot wheels, and an axle
therefor, .for each pair. of road wheels, loading
means connected to movable end of the suspen-.
sion means - including means acting at spaced
points adjacent the ends of -said pilot axle for

.applying: a portion of the vehicle load through .

said suspension means to said pilot wheels, said: .
loading means being arranged so that said load- .
ing, of ‘the pilot,wheels. applies a reactive force
to said suspension means in a non-normal direc- .

‘tion which differs from the direction in which the

body.acts on said suspension means.

15. In a combined road and rail vehicle having
a body, pairs of road wheels spaced lengthwise
of the vehicle, suspension means including pairs
of resilient means individual to the pairs of road
wheels for connecting the road wheels to the body

.in such relation as to permit a small and limited

relative movement of the pairs of wheels in a
direction lengthwise of the vehicle, pilot structure
for guiding the vehicle during rail travel and
comprising pilot wheels and a subframe there-
for, and means including shackle connections for
connecting the subframe to the suspension means
and for vertically transferring at least a sub-
stantial portion of the vehicle load through the
suspension means to the pilot wheels, said shackle
connections serving to accommodate said small
relative movement.

16. Structure for adapting a road vehicle for
rail travel, said vehicle having a body, spaced
pairs of road wheels and suspension means in-
cluding pairs of resilient means individual to the
pairs of road wheels for connecting the road
wheels to the body in such relation as to permit
relative movement of the pairs of wheels length-
wise of the vehicle, said structure comprising
pilot wheels and a subframe therefor, and means
including shackle connections for connecting the
subframe to the suspension means and for verti-
cally transferring at least a substantial portion
of the vehicle load through the suspension means
to the pilot wheels, said shackle connections serv-
ing to accommodate said relative movement.

17. The structure of claim 16 wherein the pilot
structure includes means for applying load to the
pilot wheels from the suspension means.

18. The structure of claim 15 wherein the sub-
frame is shackled to one pair of suspension means
and is pivotally connected to the other pair.

19. The structure of claim 15 wherein the sub-
frame is shackled to one pair of suspension means
and is adjustably but rigidly connected to the
other pair when the pilot wheels are in rail en-
gaging position.

20. In a combined road and rail vehicle having
a body, at least four road wheels arranged in
front and rear pairs, front and rear resilient sus-
pension means for connecting the road wheels to
the body, said resilient suspension means not be-
ing adapted to sustain substantial overturning
couples, pilot structure for guiding the vehicle
during rail travel and including at least a pair
of pilot wheels, a subframe for carrying and
transmitting load to the pilot wheels, and means
connecting the subframe to the respective front
and rear suspension means in such relation as to
enable the subframe to absorb overturning
couples applied to such suspension means.

21. In a combined road and rail vehicle having
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s body, at least four road wheels arranged ini front
and rear pairs, front and rear resilient -suspen- -

sion means for connecting the road wheels to the
body, said resilient suspension- means not being

adapted to-afford “a ‘substantial driving- connec-:

tion:- between the road wheels and the -vehicle,
pilot struéture for guiding the vehicle during rail

travel'and including at least a pair of -pilot wheels; :
a subframe’for carrying:the pilot wheels and

transmitting load thereto, means connecting the’

subframe to the respective front and rear sus-

pensioh means; and means connectmg the pilot o
structure:to the: body S0 as to aﬁord a sald driving

COn.nectlon
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